Objective -The aim of this study was to compare reflux parameters of typical and atypical symptoms of gastroesophageal reflux disease using 24-hour esophageal pH monitoring and multichannel intraluminal impedance in pediatric population. Methods -In this prospective study, 43 patients aged less than 18 year with suspected gastroesophageal reflux disease were enrolled. The patients were divided into two groups based on the main presenting symptoms (typical versus atypical). Twenty four-hour pH monitoring and multichannel intraluminal impedance were performed in all the patients for comparing these two group regarding association of symptoms and reflux. Number of refluxes, pH related reflux, total reflux time, reflux more than 5 minutes, longest time of the reflux, lowest pH at reflux, reflux index were recorded and compared. Data comparison was done using SPSS.
INTRODUCTION
Gastroesophageal reflux is an involuntary passage of gastric contents into the esophagus and can happen several times a day especially after meals (16, 19) . Most episodes of refluxes are short, asymptomatic and limited to the distal esophagus and happen due to temporary and short-term relaxation of the lower esophageal sphincter (16) . Gastroesophageal reflux disease (GERD) is considered if gastroesophageal reflux causes any symptoms or complication.
The diagnosis of GERD in adults is mainly based on clinical history but getting the clinical history for children is difficult especially for infants (10) . Until recently, 24-hour pH monitoring had long been considered the gold standard for the diagnosis of GERD. This technique has significant limitations as concerns detection of nonacid reflux events (NARE), likely involved in postprandial or atypical extra esophageal manifestations of GERD (12, 13) . In infants, in particular nearly 90% of the reflux events have been reported to be non-acid because of the frequent neutralization of the gastric content following milk or formula feeding (22) . Multichannel intraluminal impedance (MII) has recently been introduced as a pH-independent method to investigate the bolus transport in hollow organs. This technique allows detection of reflux events and definition of its chemical (acid, weakly acid, and weakly alkaline) and its physical composition (gas, liquid, or mixed) (17) . MII also, defines the proximal extent of the refluxate and the bolus clearance time (BCT) in the esophagus (5) . In adults combined pH-MII monitoring has a sensitivity of at least 90% for the detection of all reflux events (14, 17) ; on the other hand, few data are available in children (11, 21) . Twenty four-hour pH monitoring specifies the rate and duration of acid reflux. While MII specifies all the reflux episodes, pH monitoring is the best method to measure the acid reflux in the esophagus. It also is useful in assessing the effects of therapeutic intervention to reduce esophageal acid (19) . There is limited published paper that compared typical and atypical symptoms of GERD in children using esophageal pH monitoring and MII. The aim of this study was to compare reflux parameters of typical and atypical symptoms of GERD using esophageal pH monitoring and MII.
METHODS
All children with suspected GERD, who were referred consecutively to the Pediatric Gastroenterology Clinic affiliated with Shiraz University of Medical Sciences in 2011, were enrolled to this prospective study. Children aged less than 1 year were not included in our study. Those patients who have taken antacids, H 2 receptor blockers, proton pump inhibitors, and prokinetics or patients with other chronic diseases in addition to GERD or threatening respiratory episodes caused by GERD were excluded. Finally, 43 eligible patients were studied. The patients were divided into the typical and atypical groups according to their presenting symptoms. The typical symptoms were included heart burn, regurgitation, vomiting, epigastric pain and other gastrointestinal symptoms and atypical symptoms were included respiratory symptoms, asthma, pneumonia, chronic cough, chest pain, frequent wheezing, hoarseness and non-respiratory cases including lack of weight gain, sleep problems, Sandifer`s syndrome and anemia. In atypical cases, patients were evaluated by a pediatric specialist for asthma, allergies, and lung diseases for the presence of respiratory problems and patients with immune system disorders and allergic diseases were excluded from the survey.
All of the patients underwent a 24-hour combined MIIpH monitoring (MMS Company). The height-appropriate catheter was used that containing seven impedance electrodes representing six bipolar impedance channels and a pH-sensitive electrode that set in the middle of the most distal impedance channel. A catheter was placed transnasally into the esophagus approximately 2.5-3 centimeter above the lower esophageal sphincter using 0.87 (0.25 length+5 centimeter) formula. The patients received a regular diet. The parents recorded the time and duration of meal and drink, body position as supine or upright and also time of any symptoms suggesting GERD during monitoring. The reports of pH sensor and impedance data were generated and automatically analyzed by Ohmega software (MMS).
Acid exposure is expressed as the reflux index (RI, % time of a pH<4 was measured). A reflux index more than 10.7% in infants and more than 6% in children is considered pathological (13) . In analysis of impedance data reflux episodes were classified on the basis of the lowest pH value as: acid (decreasing pH to less than or equal to 4), weakly acid (pH between 4 and 7), or weakly alkaline (pH nadir did not drop below 7) (17) . The liquid reflux episodes are defined when there is more than 50 percent reduction in esophageal impedance from baseline in at least two consecutive channels. Gas or air reflux episodes are defined when a simultaneous increase in impedance more than 3000 ohm is happen in any two consecutive impedance channels with one channel having an absolute value more than 7000 ohm. If a reflux episode met both the gas and the liquid criteria it defined as mixed reflux episode (15) . The definition of BCT (Bolus Clearance Time) is the time elapsing from a drop in impedance to 50% of its baseline value, to its recovery (to 50%) in the most distal impedance channel. Refluxes were defined as proximal (reaching channels 1 and/or 2), intermediate (reaching channel 3 and/or 4) or distal (reaching channel 5). For each reflux events, its relation to feeding (postprandial time less than or equal to 2 hours) was reported. A pH-only episode was defined as a pH less than 4 for more than 5 seconds without a retrograde bolus detected by MII monitoring (pH-only reflux events). All of the data were analyzed for all of the patients and for the two groups with typical and atypical symptoms and data have been compared between two study groups.
A symptom was considered associated with an reflux events if it occurred within a 2-minute time window of its onset (7) . The symptom index (SI) is define as the number of reflux-associated symptoms/total number of symptoms during 24 hours multiply by100 and the symptom sensitivity index (SSI) as the number of reflux-associated symptoms/ total number of reflux events in 24 hours multiply by 100. SI and SSI were calculated for each patient on the basis of the pH probe alone and on the combined MII-pH results. SI more than or equal to 50% and SSI more than or equal to 10% were defined as pathological (1, 24) . Symptom association probability (SAP) was defined according to following formula: Dividing 24-hour pH recording into 2-minute segments.
Each segment was studied whether reflux occurred within it and whether a symptom occurred during the segment. A table with 2 column and two rows was drawn in which the number of 2-minute segments with and without reflux and with and without symptoms were tabulated. The probability of the distribution of symptoms and reflux events in 2-minute windows was then calculated to determine whether it could have occurred by chance. The index was considered positive if >95%" (23) .
Written consent was obtained from all of the parents. The study was approved by the local ethics committee of Shiraz University on Medical Sciences.
The data was analyzed by SPSS software version 19.0 and they were compared by Chi-square test, independent t-test and Mann-Whitney test and p-values less than 0.05 is statistically significant.
RESULTS
The mean age of the patients was 5.7±3.4 year (range, 1-15 year). Out of 43 patients 28 (65.1%) were boys and 15 (34.9%) were girls.
The patients were divided to two groups of typical and atypical according to their presenting symptoms.
The typical group consist of 24 (55.8%) patients with mean age of 5.5±3.1 year (66.7% boys), that presented with vomiting (n=11; 45.8%), regurgitation (n=8; 33.4%), and heart burn (n=5; 20.8%). The atypical group (19 cases; 44.2%) had a mean age of 5.9±3.9 year (63.1% boys) and presented with chronic cough (n=8; 42.2%), asthma (n=5; 26.4%), chest pain (n=2; 10.5%), poor weight gain (n=2; 10.5%), recurrent pneumonia (n=1; 5.2%), and Sandifer's syndrome (n=1; 5.2%). The two groups were age (P=0.38) and sex (P=0.64) matched. The mean duration of MII-pH monitoring was 22.26±1.5 hours (range; 19.75-25.85 hour).
The mean number of total reflux events in typical and atypical groups were 58±43.45 and 84.47±86.77, respectively (P=0.075). Of total 2997 reflux events that detected during pH-monitoring period 1948 (64.9%) reflux events were pH related and not associated with a retrograde bolus movement and defined as pH-only reflux events.
The mean of all reflux events during the total pHrecording period were 69.69±66.61 (3-380) and the mean of pH-only reflux events was 45.3±42.9. In the typical group 67.5% and in the atypical group 62.7% of all reflux events were pH-only reflux events (P=0.65).
The mean reflux index in typical and atypical groups were 6.05% ± 10.42% and 10.42% ± 18.83%, respectively which difference was not significant statistically (P=0.06). The comparison of pH data analysis between two study groups was shown in Table 1 .
Overall nine (26.5%) patients had pathologic reflux index, four (44.4%) cases in the typical group and five (55.6%) cases in the atypical group (P=0.13).
Regarding analysis of MII-pH combined data the mean number of total reflux events was 308.4±115.8 (range; 124-668) that recorded significantly higher reflux episodes than pH-monitoring alone (P=0.037).
The mean number of reflux events were 81.70±42.20 and 88.63±41.74 in typical and atypical groups, respectively (P=0.789). The mean number of acid reflux in typical and atypical groups were 30.9±22.09 and 46.26±47.16 respectively, which difference was significant statistically (P=0.018). There was no statistically significant difference between two study groups regarding the mean number of weakly acid and alkaline reflux events. The comparison between two study groups regarding MII data analysis including weakly acid reflux events, alkaline reflux events, liquid or mixed reflux and extension of reflux are presented in Table 2 . There was no statistically significant difference between two study groups regarding type of refluxate (liquid or mixed). Also, the proximal extension of refluxate was not significantly different between two study groups.
In Table 3 , SI, SSI and SAP were compared between two groups, only SI in pH-monitoring was significantly different between two groups (8.30% ± 10.30% vs 18.12% ± 13.10%; P=0.034). Regarding comparison of SI, SSI and SAP between two diagnostic techniques, the mean SI in pH and MII monitoring were 12.73% ± 12.48% and 35.01% ± 20.78%, respectively (P=0.001). The mean SAP between two diagnostic methods were also significant statistically (P= 0.001) ( Table 4) .
The bolus clearance time was significantly different between two study groups (Table 5) .
Impedance measures the electrical potential difference within the lumen of the esophagus. Reflux detected by MII does not depend on pH but in combination with a 24-hour pH monitoring helps to detect the acid, weakly acid and alkaline reflux. Therefore the combination of impedance and pH monitoring comparing to pH monitoring alone shows more reflux episodes (11) . About 90% of reflux episodes in infants are non-acid, because infants are fed frequently and it causes acidic neutralizing of refluxed substances. If a pH monitoring is done with MII in infants, the sensitivity of test for the diagnosis of reflux often goes up (21) . The pH monitoring limitations include inability to detect non-acid reflux episodes which often happen after meals. Limited sample size in our study may be the cause for some difference in our study compared to other studies.
Francavilla and colleagues studied children suspected of GERD which aimed to evaluate the two diagnostic methods of MII and pH monitoring for diagnosing of GERD in children. The diagnostic power of combined MII and 24-hour pH monitoring in detecting all refluxes and acid refluxes in infants were statistically higher than pH monitoring alone in children older than one year. Adding the MII to 24-hour pH monitoring method increased the accuracy of the detection of reflux events (4, 8) . There was a relationship between reflux and atypical symptoms, particularly respiratory ones and also regardless of age and the relationship between reflux and atypical symptoms in infants less than one year of age (5) . In a study done by Wenzl et al, the pH monitoring and MII were compared in children with GERD. Fifty infants with GERD were studied which results showed that alone pH monitoring cannot diagnose all reflux episodes in infant but it is useful in diagnosing acidic refluxes and time of acid exposure to esophageal. So, the combination of pH monitoring method with MII was a valuable diagnostic method in infants with GERD (21) . Another study for evaluation of acid and non-acid reflux episodes by pH monitoring and MII tests in infants showed that comparing to pH monitoring, MII shows more reflux episodes especially in non-acid cases (3) .
Mattioli and colleagues' were tested pH monitoring and MII methods on 50 children with GERD (9) . According to their findings, acid and non-acid reflux had the same incidence and low rate of clinical symptoms in pediatric group is considered as a limitation of the MII. They suggested further studies on accuracy and precision of MII (9) . According to our findings, there were no statistically different in terms of demographic characteristics of patients in the two typical and atypical groups. According to the study results, the mean of reflux episodes that were specified by MII methods were more than those specified by pH monitoring and it can be concluded that adding MII to pH monitoring leads to more accuracy in diagnosis of reflux in children that is consistent with most studies (3, 5, 21) . Average number of reflux-related to pH in pH monitoring test in typical group is more than that in non-typical, but it is not statistically significant that is consistent with previous studies (5) . SI: symptom index; SSI: symptom severity index; SAP: symptom association probability.
DISCUSSION
The results of this study revealed that addition of MII to conventional 24-hour pH monitoring significantly increases the ability of test to determine the association between reflux events and patients symptoms. As the study showed there was an increasing of at least three folds in SI (35.01 versus 12.73; P=0.001) and 2 folds in SAP (86.42 versus 45.16; P=0.001) comparing between MII and conventional 24-hour pH monitoring.
Conventional 24-hour pH monitoring has several shortcomings, mostly related to its inability to detect non-acid reflux events and so underestimating the amount of reflux events. This limitation is particularly important in the postprandial period and in infants, in whom this technique is blind for half the recording time (2, 20) . Multichannel intraluminal impedance monitoring has recently been described as the only method offering high sensitivity for the detection of all types of reflux events (17) . Until now, different criteria to assess the diagnostic accuracy of this technique have been used, the major issue being the inclusion of pH-only reflux events, the clinical significance of which is still debated. The reported prevalence of pH-only reflux events varies between 2% and 70% (6, 14, 21, 25) .
One interesting point which is less proven in previous studies is that the number of acid refluxes detected by MII method in atypical group is greater. It shows two points, the first one is that the MII can diagnose more refluxes especially independent ones on pH, the second one is that patients with atypical symptoms have more acid refluxes, so children with atypical reflux symptoms should be treated stronger with regular follow-up period and more frequently to prevent the complications of GERD.
Bolus clearance time difference in various sensors in MII method is greater in atypical group and it is statistically significant that shows the necessity of more attention and treatment in atypical reflux patients. Maybe remaining of the stomach contents in the esophagus for longer time increases the possibility of atypical symptoms for example; possibility for aspiration was more and causes respiratory symptoms.
One of the most recommended applications of pH monitoring is to confirm the association between a symptom and an reflux event by the calculation of SI, SSI, and SAP (5) . SI and SAP means were compared in both methods that showed a statistical difference. In fact, there was a greater relationship between disease symptoms and reflux episodes; therefore MII method is superior in detection of association between reflux events and patients symptoms. In the study by Soyer et al. MII can be considered as a superior diagnostic methods in symptomatic children with normal pH metry findings (18) .
This technique has several limitations for routine application in clinical setting. There is no validated data about normal impedance in children. This technique is expensive and time consuming and require well trained personnel. Another therapeutic trial for treatment of acid/nonacid reflux events is mandatory to validate the association of reflux events and symptoms.
As mentioned above SI was significantly higher in atypical symptoms compared to typical symptoms. Higher number of acid reflux was found in children with atypical symptoms of reflux. Longer duration of bolus clearance was found in group with atypical symptoms of reflux. According to these findings, more intense treatment may be required for children with atypical symptoms of GERD. Another study with greater sample size is recommended.
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